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(57) Abstract 

The present invention is a fixer (10) for 
adjustably securing a fiist skeletal element on 
a superior side of an ankk joint relative to 
a skeletal element on the inferior side of Ibe 
ankle joint. Tht fixer (10) includes a bone 
screw clan^>tng assembly (28) that preferably 
secures a pair of screws (16) to the bone of Ibe 
fooL The bone scxew claii^)ing assembly (28) is 
attached to the central body of the fixer, and is 
operative for articulating the pair of bone screws 
(16) about an axis substantiaUy coaxial with the 
anatomical pivot axis of the anlde joint 
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METHOD AND APPARATUS FOR EXTERNAL FIXATION OF AN ANKLE 
BACKGROUND OF THE INVENTION 

1. Field of the Invention . 

5 The present invention relates to an external fixator for use in 

orthopedic surgical applications, and more particularly to a method and 
apparatus for external fixation of an ankle. 

2. Discussion of the Related Art 

In various orthopedic surgical procedures, It is necessary to 
10 secure two bone portions in a relatively fixed relationship to each other. For 
example, the need for establishing such a secured relationship is often a result 
of a fracture which has occurred to the bone. To ensure that the bone can 
regenerate In the proper orientation and fuse the ft-acture, It is important that 
the bone portions be fixed and in the desired position during bone 
15 regeneration. 

Various external fixation devices for the repair of traumatized 
bone are known. For example, U.S. Patent No. 5,662,650 to Bailey et al. 
discloses an apparatus for the external fixation of large bones. The apparatus 
is illustrated to Include a main body as well as a first and second bone screw 

20 clamps. The main body serves to allow the apparatus to axiafly rotate, thereby 
providing a proper longitudinal rotational location of the bone screws with 
respect to a bone. The first bone screw clamp is used to secure a first bone 
screw to the apparatus while pemriltting the first bone screw to be axlally 
displaced from the main body. In a similar fashion, the second bone screw 

25 clamp functions to secure a second bone screw to the apparatus and to allow 
the second bone screw to be axially displaced with respect to the main body. 
U.S. Patent No. 5,662,650 is incorporated by reference as if fijily set forth 
. herein. 

In certain orthopedic surgical procedures, rt is necessary to 
30 employ an external fixation device for immobilizing or restricting motion of the 
ankle joint. One known external fixator for an ankle joint is a monolateral 
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cross-ankle articulated fixator manufactured by Orthofix SRL. This fixator is 
intended to allow motion at the ankle joint as a fracture heals. The fixator Is 
applied with two pins distally. one in the talus and one in the calcaneus and 
two pins proximally in the tibia. A distal clamp is attached to a body of the 
5 fixator by a uniaxial hinge that is centered over the medial side of the talus 
The hinge axis is aligned along the horizontal ankle axis. The hinge is 
released post-operatively so that the patient may perform passive and active 
motion. 

While known external fixators specifically designed for supporting 
10 an ankle joint may have proven to be acceptable for certain applications, such 
fixators are nevertheless susceptible to Improvements that may enhance their 
perfom^ance. In this regard, the hinge position for known external fixators is 
established by insertion of talarand calcanear pins, thereby requiring pin 
positioning to accommodate hinge adjustment Additionally, the clamps of 
15 known anWe fixators force the calcanear and tal^r pins to be parallel. This Is 
true even If the calcanear and talar pins are not inserted exactly parallel. 
Furthemiore. radiographic examination of the ankle joint is typically hindered 
by conventional ankle fixators since the anatomical pivot axis of the human 
ankle joint is afigned with stmcture defining a pivot axis of the fixator. 

^° SUMMARY OF THE PRESENT INVENTION 

In general, the present invention relates to an extemal fixator for 
use as an Orthopedic device for stabilizing a hinged joint. More specifically 
the present Invention relates to an extemal fixator which is operable to 
adjustably secure a skeletal element located on a proximal side of an ankle 
25 joint in a particular position with respect to a skeletal element on the distal side 
of the ankle joint The extemal fixator includes a first means for receiving a 
bone screw which is preferably secured to the tibia. In addition, the extemal 
fixator includes a second means for receiving a second bone screw which is 
preferably secured to the foot The means for receiving the second bone 
30 screw defines a radiographic window for penrwtting radiographic examination 
of the anatomical pivot axis of the ankle joint. The means for receiving the 
second bone screw includes first and second hinge components which 
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cooperate to pivot the second bone screw about an axis substantially coaxial 
with the anatomical pivot axis. The external fixator also includes a main body 
which is operable to connect the first means for receiving the first bone screw 
with a second means for receiving the second bone screw. Once the second 
5 bone screw is attached to the firsts the means for receiving the second bone 
screw can be adjusted to receive the second bone screw for pivotal attachment 
about the anatomical pivot axis. 

An advantage of the present invention is the provision of a 
method and apparatus for external ankle fixation which allows for optimal 
10 .alignment through hinge positioning which is independent from bone pin 
placement 

A related advantage of the present invention is the provision of 
a method and apparatus for extemal fixation which affords flexible pin 
placement to avoid damage to local neurovascular structures and ligaments. 
1 5 Another advantage of the present invention is the provision of a 

method and apparatus for external ankle fixation which permits movement of 
a hinge assembly relative to bone pins engaged with the bones of the foot. 

Another advantage of the present invention is the provision of a 
method and apparatus for extemal ankle fixation which allows complete 
20 radiographic access of the ankle joint from the lateral view to determine "best 
fir hinge axis. 

Another advantage of the present invention is. the provision of a 

method and apparatus for external ankle fixation which fecilitates symmetric 

ankle joint distraction. 
25 Another advantage of the present invention is the provision of a 

method and apparatus for extemal ankle fixation which permits a controlled 

range of motk>n. 

Another advantage of the present invention is the provision of a 

method and apparatus for external fixation of an ankle joint which permit 
30 rotation of bone screws with associated bone screw clamps to substantially 

eliminate torque at the bone/screw interface. 
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Addltional advantages and features of the present invention v.iil 
become apparent from the following description and appended dalms. taken 
in conjunction v>.ith the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
5 FIG. 1 is an elevational view of the apparatus for external focation 

Of an anklepint according to the teachings of the preferred embodiment of the 
present .nvenfon shown In operative association with a human anWe joint. 

^ FIG. 2 is an enlarged elevational view of the apparatus for 
external fixation of an ankle joint according to the teachings of the preferred 
10 embodiment ofthe present invention. 

FIGS. 3(A}.(B) are illustrations shovving the central body of the 
bone screw Clamping assembly shown in FIG. 2 according to the teaming of 
the preferred embodiment of the present invention. 
. FIGS. 4(A)-(C) are illustrations of a rail member shown In FIG 

15 2 according to the teachings of the preferred embodiment of the presem 
invention. . 

FIGS. 5(AHB) are illustrations of a first connectormember shown 
" FIG. 2 according to the teachings of the preferred eratodiment of the 

present Invention. 

P,r o ' " ^" °^ ^ ^^"'P^"^"* Shown In 

rnv^nlr'"''"^ ""'^^^"^ embodiment ofthe present 

7 'T"stration of a second rotational component shown 
m FIG 2 according to the tea^ings of the preferred embodiment of the 
present invention. 

FIGS. 8(AHB) are Bustrations showing one of the grooved 
locK^g ««shers shown in FIG. 2 acconiing to the teachings of the preferred 
emtjodiment of the presem invention. 

30 Shown ■ p,r T^' "^"^ " ' """^ -^"^ 

Shown n RG. 2 according to the teachings of the prefen^ embodimen, of «,e 

present invention. 
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FIGS. 10{A)-(B) are illustrations of the second hinge component 
shown in FIG. 2 according to the teachings of the prefen-ed embodiment of the 
present invention, 

FIGS. 11(AHB) are illustrations of the first hinge component 
5 shown in FIG. 2 according to the teachings of the preferred embodiment of the 
present invention. 

FIG. 12 is an exploded view of one of the bar clamps shown in 
FIG. 11A according to the teachings of the preferred embodiment of the 
present invention. 

10 FIG. 13 is an eievational view of a portion of an apparatus for 

external fixation of an ankle joint according to the teachings of the alternative 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PRESENT INVENTION 

The following description of the preferred embodiment of the 
15 present invention is merely exemplary in nature and is in no way intended to 
limit the invention or its application or uses. 

Referring to Figure 1 , an apparatus for external fixation is shown 
operatively associated with a human ankle joint or talocrural Joint is generally 
identified with reference numeral 10. Before addressing the construction and 
20 function of the apparatus 10, a brief understanding of the pertinent anatomy 
shown in Figure 1 is warranted. In this regard, an ankle joint 2 is principally 
uniaxial and classified as a hinge joint The structures entering into its 
formation above include the lower end of the tibia 3 which cooperates with the 
fibula (not specifically shown) to fonm a deep cavity for the reception of the 
25 proximal convex surface of the talus 5 and its medial and lateral facets. The 
calcaneus 6 Is the largest and strongest bone in a human foot 7. It is situated 
in the posterior part of the foot 7 and extends backward beyond the tibia 3 and 
fibula to form the heel. The calcaneus 6 serves to transmit the weight of the 
body to the ground and provides a strong lever for the muscles of the calf. 
30 With continued reference to Figure 1 , the apparatus 10 is shown 

connected to a first skeletal element on the proximal side of the ankle joint 2 
and second and third skeletal elements on the distal side of the ankle joint 2. 
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Prefe-abV. «.e appa,3*,s 10 is „nneced on me proxtaal side to tt,e «bia 3 
d,™^h a, iaastone bone screw ,4 and on ,he dlsta, side ,o me bones of me 
foot 7 m™„gh a pair of bone screw 1 6. In me prefeaed embodiment a first 

5 , T = '""'"-bone 
5 s«» 16b scores me apparatus 10,0 me calcaneus 6. By securing the Sbia 
3, talus 5 and calcaneus 6 in this manner, the anatomical pivo, axis of me 
anwe ,o,n, 2. which is located merebetween, may be stabBized. Whfle me 
apparatus 10 is specifically shewn associated with an anida JoN,t2. i, ,o be 

10 rorr''*'''"''"''"'*''''^"''"™*''™^^*'''^'^"- 

10 wim omer hinged joints of me body. 

The apparatus 10 is shown to generally comprise a central body 

24 as well as a firs, bone screw Clamping assembly 26 and a second bone 
screw clamping assembly 28. The central body 24 is articulated to allow the 

lo^^on^the bone screws 14 and 16w,m respecttotheirassodated bona(s) 
3, 5 and 6, The Srst bone screw damping assembly 26 is used to secure me 
bone screw 14 to me appara*,s 10 whne pem,ltflnB the bo,» screw ,4 to be 
ax,ally displaced from me cano^l body 24. The second bone screw damping 

28 is able to secure bone screws 16a and 16b ,0 me apparaurs 10 
The principal focus of the present Invention relates to me 
consiucaon and operaSon of *e second damping assembly 28 In mis 

regard, itwil be understood «,a,me central body24 and me first bone scmw 
^mpngasserhbly 26 may be ofanysultal^acontiguraton for interconnecting 
T»T 3 Wim m. second bone soew damping assembly 28. For purposes 
of fully describing me exemplary embodiment Blustrated mraughou, the 
O-awings. me second damping assembly 28. as well as me « bone screw 
assembly 26 and ma central body 24, will be more fulV discussed 

■^'"«^'»™«™« damping assembly 26 will be described in 
9raaterdetallwim,eferencetoFles.3(A).3(B). Thetis bone screw damping 

a3Sem«y26indWesabaseportfon34andacoverport,on36 The base 
P0rtK,n 34 preferably serves to receive ^ bone screws 14 in two ofa plurality 



25 
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of grooves 38, while the cover portion 36 serves to secure the bone screws 14 
within the grooves 38. The grooves 38 include two contact surfaces which are 
substantially planar so as to permit line contact of the bone screws 14 in two 
positions within the grooves 38. Since the first bone screw 14 also engages 
5 the cover portion 36 of the first bone screw clamping assembly 26, the bone 
screws 14 engage the first bone screw clamping assembly 26 in three 
positions (i.e., along the contact surfaces as well as on the cover portion 36). 
This provides line contact for the bone screw 14 which secures the bone 
screws 14 in a more effective manner than if the grooves 38 were cylindrical. 
10 The base portion 34 of the bone screw clamping assembly 26 

further includes a first aperture 44 and a second aperture 46. The first 
aperture 44 is used to receive a threaded member 48 which serves to secure 
a rail member 50 in a locked position as will be more fully discussed below. 
The second aperture 46 is used to receive a threaded member 52 which is 
15 able to secure a compression/distraction member (not shown) within a D- 
shaped central bore 52 of the bone screw clamping -assembly 26. One 
suitable compression/distraction member is shown and described in U.S. 
Patent No. 5,662,650. The compression/distraction member engages a 
threaded aperture 53 located in the D-shaped extension 60. 
20 The cover portion 36 of the first bone screw clamping 26 is 

secured to the base portion 34 of the first bone screw clamp. 30 by means of 
two screws 54. To accommodate these screws 54, the cover portion 36 of the 
bone screw damping assembly 26 includes two apertures 56 (shown in 
phantom in Figs. 3(A) and 3(B)) which mate with corresponding apertures 58 
25 in the base portion 34 of the bone screw clamp 26. Accordingly, upon secured 
threaded engagement of the screws 54 within the apertures 56 and 58, the 
cover portbn 36 of the bone screw clamp 36 may be secured to the base 
portion 34 of the bone screw damp 26. 



30 clamp 26 with respect to the central body 24, the bone screw damping 
assembly 26 further includes a rail member 50. The rail member 50, which is 
illustrated most dearly in Figs. 4A-4C, indudes a D-shaped extension 60 which 



To provide means for laterally displacing the first bone screw 
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Is able to receive in the D-shaped tK>re 52 of the bone screw damping 
assembly 26. Because of the cross-sectional shape of the D-shaped extension 
60. the base portion 34 of the bone screw damping assembly 26 is able to 
.sl.de on the D-shaped extension 60 of the rail member 50. though the base 

5 portion 34 Is unable to rotate with respect to the D-shaped extension 60. 

The rail member 50 further indudes a groove 62 which is 
deposed on the surface of the D-shaped extension 60. The location of the 
groove 62 Is such as to pemilt tiie groove 62 to be located adjacent to the 
aperture 44 when «,e D-shaped extension 60 of the rail member 50 Is Inserted 
10 intotheD-shapedbore52ofthebaseportion34. As will be apparent to those 
skilled In ti,e art. the ti^readed member 48 can then be Inserted into the 
aperture 44 of the base portion 34 of the bone screw damping assembly 26 
so as to securely engage the groove 62 of ti,e D-shaped extension 60 thereby 
preventing axial movement of the base portion 34 with respect to the rail 
15 member 50. In the preferred embodiment, the groove 62 indudes graduated^ 
markings indicating the amount oflongltudinal displacement of the bone screw 
clamping assembly 26 relative to the central body 24. 

The central body 24 will now be described in greater detaH with 
reference to Figures 5A. 5B. 6. 7. 8A. 88 and 9A.9C. The central body 24 
20 includes a first and second connection members 70 and 72. respectively as 
well as a first and second rotational components 75 and 76. The first and 
second connection members 70 and 72 serve to secure the central body 74 ■ 
to ti,e first and second bone screw damping assemblies 26 and 28 
respectively. 

25 The first connection member 70 indudes a female portion 80 

whid, is able to be received within a bore 82 provkJed in a cylindrical end 84 
of the rail member 50. The cylindrical end 84 indudes an aperture 86 which 
« able to receh^e a threaded fastener 88. The tt>readed fastener engages a 
reduced diameter groove 90 fomied in the female portion 80 of the first 

30 connection member 70 to secure the rail member 50 and the first connection 
member 70. 
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In a similar manner, the first rotational component 74 is attached 
to the second rotational component 76 and the second rotational 76 is 
attached to the second connection member 72. More particularly, the first 
rotational component 74 is formed to include a second aperture 104 having a 
5 hex-shaped recess 106 for receiving the base portion 96 of the washer 90. 
The second rotational component 76 includes a first aperture 108 which 
includes a hex-recess 110 and aligns with the aperture 104 of the first 
rotational component 74. The apertures 104 and 108 receive a threaded 
fastener 112 which defines a pivot axis therebetween. The aperture 104 is 
10 internally threaded for engaging the external threads of the fastener 112. 
Again similarly, the second rotational component 76 includes a second 
aperture 116 having a hex shaped recess 118. The second connection 
member 72 includes a recess 120 having a hex shaped recess 124 which 
aligns with the second aperture 116 of the second rotational component 76. 
15 The hex-shaped recesses 110 and 120 are adapted to receive the base 96 of 
a washer 90. ^ 

A plurality of grooved locking washers 90 are disposed between 
the first connection member 70 and the rotational component 74. In particular, 
the first rail connection member 70 has an aperture 92 with a hex-shaped 
20 recess 94 for receiving the base portion 96 of the washer 90. In a similar 
fashion, the first rotational component 72 includes an aperture 98 with a hex- 
shaped recess 100 for receiving the base portion 96 of the washer 90. 
Because the groove surface 102 of the washers 90 engage each ottier, tiie 
first connection member 70 is secured to the first rotational component 72 
25 upon secured threaded engagement of a screw 104 with intemal threads of the 
aperture 92. The screw 104 defines a pivot axis between the first connection 
member 70 and the first rotational component. The joint formed between the 
first connection member 70 and the first rotational component 72 permits 
approximately 60'' of relative rotation. However, this range of relative rotation 
30 may be readily adjusted for particular applications. 

Tuming now to Figures 9(AHC). 10(AHB), and 11(AHB), and 
12, the second bone screw clamping assembly 28 of the preferred embodiment 



25 



30 
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Of the apparatus 10 of the present invention will now be described in detail. 
- The second bone screw clamping assembly 28 is shown to generally include 
a hmge assembly having a first hinge component 200 and a second hinge 
component member 202. a transverse member or bar assembly 204. and a 
5 pair of bone screw clamps or bar clamps 206 carried by the transverse 
member 204. The first hinge component 200 is generally U-shaped having two 
downwardly extending segments 208 and an arcuate segment 210 
interconnecting the downwardly extending segments 208. The first hinge 
component 200 defines a radiographic window 212 for laterally viewing the 
10 anatomical hinge of the ankle joint 2. 

As will be discussed below, the second bone screw damping 
assembly is adjustable to receive the bone screws 16 after the bone screws 
1 6 are inserted into the bones 5 and 6 of the foot 7. In the description that 
follows, reference will be made to relative movement of the bone screws 16 
15 it vm be understood that this relative movement is accomplished while the 
bone screws 16 are fixed with respect to the foot 7 through adjustment of the • 
second bone screw clamping assembly 28. 

To provide means for translating the bone screws 16a and 16b 
in a proximal/distal direction relative to the central body 24. the bar assembly 
204 is movably engaged with the downwardly extending segments 208 of the 
first hinge component 200. The bar assembly 204 includes a hollow cylindrical 
sleeve 214 spanning between the downwardly extending segments 208 of the 
first hinge component 200. The ends 216 of the hollow cylindrical sleeve are 
enlarged and non^tatably received In elongated slots 218 in an associated 
one of the downwardly extending segments 208. A threaded fastener 220 
passes through the cylindrical sleeve 214. At a first end. the threaded fastener 
220 Includes a head 22 having a hex-recess 224 and a flange 225 slidably 
received within a recess 226 adjacent the slot 218. The other end of the 
threaded fastener 220 engages a captured nut 228 which is similarly fomied 
to include a flange 230 received In a substantially identical recess 232 The 
captured nut 228 also Includes a hex-recess 234. Upon rotation of either the 



20 
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head 232 or the C3ptureci nut 228, the bar assembly 204 can be fixed in a 
proximal/distal direction. 

To provide means for translating the bone screws 16a and 16b 
in an anterior or posterior direction relative to the central body 24 and rotating 
5 the bone screws 16a and 16b about an axis defined by the cylindrical sleeve 
204, the second bone screw clamping assembly 28 indudes a pair of 
substantially identical bar clamps 206. The bar clamps 206 (specifically shown 
in Figures 11A and 12) are each shown to include a first portion 240 for 
engaging the cylindrical sleeve 214 and a second portion 242 for damping one 

10 of the bone screws 16 which are interconnected by a threaded fastener 244. 
The first portion 240 defines a recess 246 for receiving the cylindrical sleeve 
204 and indudes upper and lower flanges 248 and 250 spaced apart by a gap 
252.;The upper and lower flanges 248 and 250 include aligning apertures 254 
for receiving the fastener 244. The second portion 242 is similariy formed to 

15 define an aperture 256 for receiving one of the bone screws 16 and includes 
upper and lower flanges 258 and 260 having aligning apertures 262 for 
receiving the threaded fastener 244. The aperture 262 of the lower portion 
260 is Internally threaded. Cooperating locking surfaces 264 are provided on 
adjacent surfaces of the first and second portions 240 and 242. 

20 When the threaded fastener. 244 passing through the aligning 

apertures 254 and 262 of the first and second portions 240 and 242 and is 
initially tightened, the first and second portions 240 and 242 are drawn 
together preventing rotation of the second portion 242 relative to the first 
portion 240 due to the cooperating locking surfaces 264. Further tightening of 

25 the threaded festener 244 functions to damp one of the bone screws 1 6 within 
the aperture 256 and damp the cylindrical sleeve 214 within the aperture 246. 

It will be appreciated that the bar clamps 206 allow adjustment 
of the bone screw pivot axis relative to the bone screws 16 in various distinct 
anatomical directions. In this regard, initial loosening of the threaded fastener 

30 244 allows the associated damp 206 to be everted/inverted or translated in the 
anterior/posterior direction. Further loosening of the fastener 244 allows the 
associated clamp 206 to be internally/externally rotated. Loosening of the 
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fastener 220 allows for proximal/dlstal translation of the bar assembly 204 and 
thus the damps 206. 

The second hinge component 202 is interconnected to the central 
body 24 through a female portion 270 which is receK^ed w,thin.a cylindrical 
aperture 272 defined by the second connection member 72 The female 
portion 270 includes a reduced diameter portion 274 adapted to align with an 
aperture 276 which intersects the cylindrical recess 272. The aperture 276 
receives a locking screw (not shown) which engages the reduced diameter 
portion 274 and retains the female portion 270 within the cylindrical aperture 
272. in the preferred embodiment, the female portion 270 is carried by a 
flange 278 on its opposite side, the flange 278 includes a male extension (not 
Shown) Which is received into a female recess (not shown) fom,ed in a body 
284 of the second hinge member 202. A pin (not shown) secures the male 
extension to the body 284. 

To provides means for articulating the first hinge portion 200 
relative to the second hinge portfon 202. the apparatus 10 of the present 
invention is shown to include a generally rectangular recess 288 which passes 
through the body 284 of the second hinge portion 202 and slidably receives 
the arcuate segment 210 of the first hinge portton 200. A threaded aperture 
290 passes through a side of the body 284 of the second hinge portion 202 
and intersects the rectangular aperture 288. The aperture 290 receives a 
locking screw 292 adapted to engage a gmove 294 formed in the arcuate 
segment 210 of the first hinge portion 200 for securing the relative position of 
the first hinge portion 200 relative to the second hinge portion 202. In the 
preferred embodiment, a plastic insert 280 is intertfisposed between the male 
extension canied by the flange i78 and the aperture 288 to effectively provide 
a beanng surfece against which the arcuate segment 210 of tt,e first hinge 
portion 220 may slide when articulated relative to the second hinge portion 

202. a r 

The first and second hinge portfons 200 and 202 of tiie second 
damping member228 function as a floating hinge pivotally interconnecting the 
bone screws 1 6 with tiie central body 24 and in turn the bone screws 14 The 
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axis about which the bone pins 16 rotate relative to the central body when the 
. first and second hinge portions 200 and 202 are articulated is defined by the 
center of curvature for the arcuate segment 210 of the first hinge portion 200. 
Significant to the present invention, this bone screw pivot axis is located within 
5 the radiographic window 212 which is defined by the second clamping 
assembly 28. As a result, the anatomical pivot axis of the ankle joints 2 may 
be aligned with the pivot axis for the screws 16. thereby permitting 
radiographic access to the anatomical ankle joint 2 in a lateral direction. 

With reference to Figure 13, an alternative construction for a 

10 second bone screw clamping assembly 28' is illustrated. In this embodiment, 
similar reference numerals will be used to identify similar components as 
preyipusiy described with respect to the preferred embodiment of the present 
invention. As with the first preferred embodiment of the present invention, the 
second clamping assembly 28' includes first and second components 200 and 

15 202 adapted to move relative to one another for pivoting a pair of bone screws 
(not shown with respect to Figure 13) about an axis. The first and second 
components 200 and 202 are shown interconnected through a worm gear 300 
having a threaded fastener 302 with a plurality of external teeth 304 
operatively engaged with a plurality of grooves 306 formed in an arcuate 

20 segment 21 0 of the first component 200. The arcuate segment 21 0 again has 
a center of curvature which defines the pivot axis for the bone screws. The 
worm gear 300 allov^ for rotation to be restricted to a predefined range of 
motion and further allows for application of motorized motion under force or 
displacement control. 

25 As with the first embodiment, the first component 200 of the 

second clamping assembly 28' defines a radiographic window 21 2 for providing 
radiographic access to the ankle joint from a lateral view. The alternative 
embodiment 28' further includes a radiographic member 310 for aligning the 
bone screw pivot axis with the anatomical pivot axis of the ankle joint 2. In the 

30 exemplary embodiment illustrated, the radiographic member 310 is generally 
L-shaped and has a pair of legs 312 removably attached to the second 
component 200 vAth studs 314 adapted to engage apertures (not shown) in the 
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arcuate segment 210. A target 316 is identified at the intersecfion of the legs 
312 which is adapted to be centered on the radius of curvature of the arcuate 
segment 210 and thereby on the bone screw pivot axis. The radiographic 
member 310 is preferably constructed of a radlolucent material such as 
5 plexiglass or the like. Only the target 316 is intended to appear 
rad,ographically. In use, the radiographic member 310 assists In predsely 
aligning the anatomical pivot axis of the ankle joint with the bone screw pivot 
axis Identified with the target 316. 

In this alternative embodiment, the bone screws 16a and 16b are 
10 each captured in a bronze bearing 318 provided Within the aperture 256 The 
beanng 318 allows for rotation of the associated bone screws 16 within the bar 
clamp 206 about their longitudinal axes. As a result, the damps 206 hold the 
apparatus 10 in place, but the bone screws 16 can rotate within the damp 206 
Therefore, no torque results at the bone screw-bone Interface. In this regard 
15 rf the bonescrews 16 are rigidly held In place, the calcaneus 6 can experience 
a moment around the bone screw 16b due to Impingement in the ankle joint 
2 or due to forces to the heel. This moment can Initiate small rotations of the 
calcaneus 6 around the bone screws 16b followed by successive loosening of 
the bone screws 16b. This problem is effectively eliminated by the bronze 
20 bearings 318. 

According to the above description, the apparatus 10 of the 
present Invention provides a hinge joint whidi can be locked or unlod^ed It 
.s anticipated that the apparatus 10 can be used In at least the following 
distind application modes: 

^- ^ri^'°**^ *yP'*=^"y a short post-operative 

2. As a unlocked hinge for examination by a surgeon. 

3. For acfive motfon in a restricted range of motion. 

of motion (displacement control). ^ 
5. For passive motion (e.g., motorized) under force control. 
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The application mode for restrictive range of motion (#3) is useful for avoiding 
excessive joint forces iat the extremes of physiologic motion that may result. 
The use of motorized motion under force control (#4) can be used to overcome 
any introduction of impingement problems at the end stops of each motion 
5 cycle. The application modes identified as 4 and 5 above can be used to 
monitor the number of performed motion cycles and to assess changes in 
range of motion for an applied moment. 

The foregoing discussion discloses and describes merely 
exemplary embodiments of the present invention. One skilled in the art will 
10 recognize from such discussion and from the accompanying drawings and 
claims, that various changes, modifications and variations can be made therein 
without departing from the spirit and scope of the invention. 
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WHAT IS ni AtMPn iQ . 

1. An apparatus for external fixation pf a hinged joint having an 
anatomical pivot axis with first and second skeletal elements on opposite sides 
of the anatomical pivot axis, the apparatus comprising: 

a first bone screw adapted to be connected to the first skeletal 

element 

a second bone screw adapted to be connected to the second 
skeletal element- 
means for receiving sakJ first bone screw; 
means for receiving said second bone screw, said means for 
receiving said second bone screw being operative to at least partially define 
a radiographic window permitting radiographic examination of the anatomical 
pivot axis; 

means for securing said means for receiving said first bone screw 
to said means for receiving said second bone screw; and 

means for articulating said second bone screw about a pivot axis 
passing through said radiographic window. 

2. The apparatus for external fixation of a joint of Claim 1 . wherein said 
20 means for articulating said second bone screw about a pivot axis passing 

through sakJ radiographic window comprises a floating hinge. 

3. The apparatus for external fixation of a joint of Claim 2. wherein 

sa,d means for articulating said second bone screw about a pivot axis passing 

through said radiographic window includes a first hinge component having an 

25 arcuate segment, said arcuate segment having a center of curvature which 
defines said pivot axis. 

4. The apparatus for external fixation of a joint of Claim 3. wherein 
said means for articulating said second bone screw about a pivot axis passing 
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through said radiographic window further includes a second hinge component 
including a recess for slldably receiving said first hinge component. 

5. The apparatus for extemal fixation of a joint of Claim 3, wherein 
said first hinge component is generally U-shaped including a pair of legs 

5 downwardly extending from said arcuate segment, and further comprising a 
transverse member interconnecting said pair of legs and a damping member 
for receiving the second bone screw attached to said transverse member, said 
clamping member being translatable along said transverse member. 

6. The apparatus for extemal fixation of a joint of Claim 1 , wherein said 
10 means for receiving said second bone screw includes bearing means for 

perrriitting rotation of said second bone screw about its longitudinal axis. 

7. The apparatus for extemal fixation of a joint of Claim 6, wherein said 
transverse member Is adjustable in an anterior/posterior direction along said 
pair of legs. 

15 8. An apparatus for extemal fixation of an ankle joint having an 

anatomical pivot axis interdisposed between first and second skeletal 
elements, the first skeletal element located on the proximal of the ankle joint, 
the apparatus comprising: 

a bone screw adapted to be connected to the first skeletal 

20 element; 

a clamping assembly including a bone screw damp for receiving 
the bone screw; 

said second clamping assembly at least partially defining a 
radiographic window permitting lateral radiographic examination of the 
25 anatomical pivot axis; and 

said clamping assembly further including a hinge assembly 
defining a bone screw pivot axis about which said bone screw may selectively 
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10. The apparatus for external (bation of an ankterfri.- ^ . 
saw W wnge c»,nponen. incudes an a ^,^1"^,^ 
curvature deflnln, bone screw piv^t I ' 

said saUnd? aniUe of Clain, 10, wherein 

said J ,?" *^«'*^"'-'^°"°'=n ankle Of Clairn 10, wherein 
3a«J first h.«e component is generally U-shaped including a pair of leos 
15 downwaidly extending fh,m said a«.uate segment ^ 

Ibrther?' *^ °' anKte of Claim 12 

.^^^.^atransversememberinterconnecungsaidpairofiegss^^ 
^ Clamp being movably attached to said transverse membe' said 

20 Z:Z':^ " — — -.-on a^g ^ 

14. apparatus for external fixation of an ankle of Claim 13 

TJZ^'^ """^ — -™ '-about 
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1 5.. An apparatus for external fixation of an ankle joint, the ankle joint 
having an anatomical pivot axis located betweeri the tibia on one side and 
talus and calcaneus on the other side, the apparatus comprising: 

a first bone screw adapted to be connected to the talus; 
5 a second bone screw adapted to be connected to the calcaneus; 

a clamping assembly including first and second bone screw 
clamps for receiving said first and second bone screws, respectively; 

said damping assembly further including a hinge assembly 
defining a bone screw pivot axis about which said first and second bone 
10 screws may selectively rotate, said bone screw pivot axis adapted to 
substantially align with the anatomical pivot axis; 

said first and second bone screw clamps being linearly adjustable 
relative to said bone screw pivot axis; 

whereby said first and second bone screw clamps can be 
15 adjusted relative to the bone screw pivot axis after said first and second bone 
screws are connected to the talus and calcaneus, respectively, for purposes 
of precisely aligning said bone screw pivot axis and said anatomical pivot axis. 



wherein said first and second bone screw clamps are adjustable in a 
20 anterior/posterior direction relative to said bone screw pivot axis. 

17. The apparatus for external fixation of an ankle of Claim 15, 
wherein said first and second bone screw clamps are adjustable in a 
proximal/distal direction relative to said bone screw pivot axis. 

18. An apparatus for external fixation of an ankle of Claim 16, 
25 wherein said hinge assembly comprises a first hinge component including a 

generally arcuate segment hiaving a center of curvature which defines said 
bone screw pivot axis. 



16. The apparatus for external fixation of an ankle of Claim 15, 
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19. An apparatus for external fixation of an ankle of Claim 18 
- v^erein said first hinge component includes a pair of legs downwardi; 
extend^g from said arcuate segment, and further wherein said damping 
assembly includes a transverse member interconneCng said pair of legs, said 

firstandsecondbonescrewclampsbeingmovablyattachedtosaidtransverse 
member. 

20. An apparatus for external fixation of an ankle of Claim 18 
Wherein said first hinge component at least partally defines a radiographic 

^"^o— topermitlateralradiographicexaminationoftf^eanatomicalpivot 
ax.s. sa,d center of curvature being located within said radiographic window. 

21. A method for adjustably securing a first skeletal element located 
on a pro^mal side of a joint having an anatomical pivot axis to a second 
ske etal element on a distal side of the joint by a fi,^ bone screw connected 
to the first Skeletal element and a second bone screwconnected to the second 

15 skeletal element, the method comprising the steps of: 
fomiing a first clamping assembly; 

clamping assembly including a hinge assembly 
defining a bone screw pivot axis; 

interconnecting said first clamping assembly and said second 
20 Clamping assembly; 

connecting the first bone screw to said first clamping member 

connecting the second bone screw to said second clamping 
membenand " 

aligning said bone screw pivot axis with the anatomical pivot axis 
25 wh e the first and second bone screws are connected to the first and second 
Skeletal elements, respectively, through adjustment of the second bone screw 
relative to said bone screvy pivot axis. 



wo 99/29247 



PCTAJS9a/25934 



-21 - 

22. The method of Claim 21, wherein the step of fomiing a second 
clamping assembly includes the step of defining a radiographic window to 
permit lateral radiographic examination of the anatomical pivot axis. 

23. The method of Claim 22, further comprising the step of positioning 
5 the bone screw pivot axis within said radiographic window. 

24. The method of Claim 22, wherein the step of aligning said bone 
screw pivot axis with the anatomical pivot axis includes the step of adjusting 
said bone screw relative to said bone screw pivot axis in a proximal/distal 
direction. 

10 25. The method of Claim 22, wherein the step of aligning said bone 

screw pivot axis with the anatomical pivot axis includes the step of adjusting 
said bone screw relative to said bone screw pivot axis in an anterior/posterior 
direction. 
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